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Abstract. The population of field OB stars are an important component of a galaxy’s
stellar content, representing 20-30% of the massive stars. To study this population, we
have undertaken the Runaways and Isolated O Type Star Spectroscopic Survey of the
SMC (RIOTS4). RIOTS4 surveys a spatially complete sample of >350 field OB stars
in the Small Magellanic Cloud and will serve as a key probe of runaways, binaries, and
the stellar IMF in the field massive star population. Here, we focus on the field IMF,
which provides an empirical probe of the star-forming process and is a fundamental
property of a stellar population. Together with photometry from the OGLE survey,
RIOTS4 will yield a definitive stellar IMF for the SMC field massive star population.
We present preliminary results that suggests the field IMF is much steeper, Γ = 2.9, than
the canonical stellar IMF of Γ = 1.35. Despite the steep slope, we see no evidence of a
stellar upper mass limit, up to our highest mass star of 65M⊙.
1. Introduction
From an observational standpoint, our understanding of massive star formation is mostly
derived from the products of this process: the stars themselves. One of the fundamental
observable properties of star formation is the stellar initial mass function (IMF). For
high mass stars, the IMF follows a simple power law given by dn/d log m ∝ m−Γ where
n is number of stars, m is stellar mass and Γ = 1.35 (Salpeter, 1955). This Salpeter
IMF is uniformly applicable to a large variety of cluster environments, from OB asso-
ciations to super star clusters. However, the field massive stars are one astrophysical
environment where the IMF slope may deviate from Salpeter. Despite the robust nature
of the Salpeter slope in clusters, there is evidence that the IMF of field massive stars is
much steeper than Salpeter, with measurements of Γ = 3 to 4 in the Magellanic Clouds
(Massey et al. 1995, Massey 2002). Within the Galaxy, van den Bergh (2004) confirms
that the field population is biased towards later spectral types, indicating they are either
older or less massive than the cluster population. However, the field population around
the 30 Dor region of the Large Magellanic Cloud exhibits a Salpeter slope (Selman et
al. 2011), and Γ = 1.8 in NGC 4214 (Ubeda et al. 2006). Thus, the null hypothesis of
a universal IMF slope for both clusters and the field cannot easily be rejected.
We believe that the field massive stars consist of both in-situ stars and runaway
stars formed in clusters (Oey & Lamb, this volume). Thus, the IMF parameters, which
include both the slope and the upper-mass limit, are important diagnostics for theories
of massive star formation. For example, competitive accretion models require that mas-
sive stars only form in clusters, and that the mass of the most massive star in a cluster
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mmax is related to the total cluster mass mcl by mmax ∝ m2/3cl (e.g. Bonnell et al. 2004).
Whereas, monolithic collapse models more readily allow for the formation of isolated
massive star formation is (e.g. Krumholz & McKee 2008).
To investigate the mass function of field massive stars, we present here first results
from the Runaways and Isolated O Type Star Spectroscopic Survey of the SMC (RI-
OTS4; Oey & Lamb, this volume). In this contribution, we present the slope and upper
mass limit of the stellar IMF for field massive stars, which may provide key insights
about the process of massive star formation and illuminate any differences between
isolated and clustered star formation.
2. RIOTS4 Observations
RIOTS4 is an extensive spectroscopic survey of a spatially complete sample of field
massive stars, which covers the entire star-forming area of the Small Magellanic Cloud
(SMC). The initial sample of all massive stars in the SMC was selected using the
reddening-free parameter Q ≤ −0.84 and B ≤ 15.21 from the UBVR photometry of
Massey (2002). To identify the field stars, Oey et al. (2004) ran a friends-of-friends al-
gorithm (Battinelli, 1991) on the OB candidate sample, which sets a physical clustering
length such that the total number of clusters, defined as nstars ≥ 3, is maximized. The
field population are those OB stars that are at least one clustering length (28 pc) away
from the nearest OB star. We have obtained spectra for the majority of these stars with
the IMACS multi-object spectrograph (R ∼ 2600) on the Magellan-Baade telescope.
Our completeness is nearly 100% for the SMC bar and over 85% for the SMC wing.
We obtain spectral types from our spectra following the classification scheme and
atlas prepared by Walborn & Fitzpatrick (1990). Spectral types are converted into stel-
lar effective temperature, Teff , using the calibration for SMC O stars from Massey et
al. (2005) and for B stars from Crowther et al. (1997). The Crowther conversion was
chosen due to the smooth transition at the overlapping B0 spectral type with the Massey
calibration. The absolute V magnitudes of our stars are obtained from the photometry
of Massey (2002), assuming a distance modulus of 18.9 (Szewczyk et al. 2009) and
applying SMC extinction maps from Zaritsky et al. (2002). We convert the absolute
V magnitude into a bolometric magnitude, Mbol, using Teff to calculate the bolometric
correction following the equations of Massey et al. (2005).
Using the derived Teff and Mbol, we plot an H-R diagram of our field massive
stars in Figure 1. Additionally, we plot Geneva stellar evolutionary tracks at SMC
metallicity (Z = 0.004; Charbonnel et al. 1993), which are labelled according to the
stellar mass of the evolutionary track. Our survey is complete to 25M⊙ along the Zero
Age Main Sequence (ZAMS). One notable feature of this H-R diagram is the offset
of our observations from the theoretical main sequence provided by the evolutionary
tracks. This problem is not unique to our data, however, as spectroscopic data for
massive SMC stars plotted in Massey (2002) are similarly plagued by this issue. It is
unclear whether this is an issue with the observational data, or a problem with the SMC
metallicity stellar evolutionary models.
IMF of Field OB Stars 3
Figure 1. An H-R diagram of our field stars with physical parameters derived from
spectral types and Massey (2002) photometry. The evolutionary tracks plotted here
are from Charbonnel et al. (1993) at SMC metallicity and are labelled corresponding
to the stellar mass of the evolutionary track in solar masses.
3. Field Massive Star IMF
To construct the IMF of the field population, we follow the formalism of Koen (2006),
where the IMF is constructed as a cumulative distribution function (CDF) given by
F(m) =
∫ U
L
m−(Γ+1) dm = j(N + 1) (1)
with L and U being the lower and upper stellar mass limits. The final term represents
an empirical CDF using a ranked order of stellar masses, j, where j = 1 is the lowest
mass star, j = N is the highest mass star, and N is the number of stars in our sample.
From this empirical CDF, we can reconstruct a mass function by plotting log[1−F(m)]
versus log m, which is shown in Figure 2. However, since we are dealing with field
stars, we are actually measuring the present day mass function (PDMF) rather than the
IMF. We measure the slope of the PDMF using two methods: a linear least squares
fit and a maximum likelihood method given by Koen (2006; his equation 10). The
least squares fit yields a PDMF slope of Γ = 3.8 while the maximum likelihood method
yields Γ = 3.2. We note that the PDMF is linear across the entire mass range, from our
completeness limit of 25M⊙ to our most massive star at 65M⊙. The absence of a high
mass turn-off in this distribution indicates that we do not observe an upper mass limit
in the field. This is consistent with the universal upper-mass limit found in Milky Way
and LMC clusters, ∼ 150M⊙ (Oey & Clarke 2005; Koen 2006).
To derive the intrinsic field IMF, we devise a simple Monte Carlo code to generate
theoretical stellar populations with the assumption of continuous star formation and an
IMF slope varied from ΓIMF = 2.0 to 4.0 in steps of 0.1 and 104 iterations at each step.
For each input IMF slope, we compare the distribution of PDMF slopes from the model
to the observed PDMF slope, finding a best fit when the input ΓIMF = 2.9. Although
this slope is significantly steeper than the canonical Salpeter IMF, it is in agreement
with the field IMF found in the Magellanic Clouds by Massey et al. (1995) and Massey
(2002).
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Figure 2. The PDMF of the SMC field star population, plotted as log[1 − F(m)]
versus log m, where F(m) is the empirical CDF. The plotted line shows the linear
least squares fit to the data.
4. IMF for 7 − 20 M⊙ Stars
We plan to supplement our high mass field IMF by measuring the field IMF from
7 − 20M⊙ using photometric data from the Optical Gravitational Lensing Experiment
(OGLE; Udalski et al. 1998, 2008). OGLE provides BVI photometry of the SMC bar
and VI photometry for the entire SMC, with completeness to 7M⊙, allowing for up to
two magnitudes of extinction. However, it is difficult to extract individual stellar masses
from just BVI photometry, so we will adopt a statistical approach to determine the IMF.
We create 104 realizations of each star in the OGLE database, which are given random
gaussian photometry and extinction errors, as defined by the observational uncertain-
ties. Using the stellar evolution tracks of Charbonnel et al. (1993) and their conversion
into optical colors by Girardi et al. (2002), we can count the number of realizations
for each star that falls into different mass bins and in this manner, assign each star a
fractional probability of belonging to specific mass bins.
OGLE also will allow us to redefine our field star sample using a more stringent
mass constraint for isolation. Instead of requiring a field OB star to be at least one
clustering length from other OB stars, we can strengthen the requirement to at least one
clustering length from stars > 7M⊙. This analysis will allow us to examine how the
method for defining a field star affects the IMF of the field population.
5. Discussion and Conclusions
We measure the IMF of our spatially complete sample of field massive stars in the SMC
to be Γ = 2.9, much steeper than the canonical Salpeter IMF of Γ = 1.35. We find no
evidence of an upper stellar mass limit for field stars, up to our most massive star of
65M⊙. This suggests that despite the steep IMF, the field is not limiting the formation
of the most massive stars. Our results confirm the steep field IMF that Massey et al.
(1995) and Massey (2002) found in the both the Magellanic Clouds. This steep IMF
may indicate a different mode of star formation is happening in the field.
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However, our results are affected by a number of uncertainties. Firstly, there is
some concern in the ability of evolutionary models to properly estimate stellar masses
(Massey et al. 2005). Secondly, the contribution from runaway stars in both their
number and mass function is also an unknown quantity. However, since the fraction
of O stars that are runaways is higher than B stars (Gies & Bolton 1986), the runaway
population tends to flatten, rather than steepen, the IMF. Thus, runaways will affect,
perhaps significantly, our observed IMF compared to the IMF of in situ field stars,
which may be even steeper than our measurements. Other sources of uncertainty arise
from Oe/Be stars in our survey, whose stellar emission lines make spectral classification
difficult or impossible; and finally, the binary fraction of the field, which the preliminary
results from our survey suggest is > 50% (Oey & Lamb, this volume), may also affect
the IMF. Future results from our survey will better quantify the degree and magnitude
of the uncertainty that runaways, binaries, and Oe/Be stars impart on the stellar IMF of
the field.
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